introduction
About 40 years have passed since the first surface analysis commercial instrument was available, and surface analysis techniques are now widely used in many industrial fields. Then, the analytical results obtained have been often compared among different institutes. To compare the analytical results, one needs to check the analytical procedures against each other. Therefore, some standard procedures should be determined to guarantee the obtained results. The International Organization for Standardization (ISO) decided to establish Technical Committee 201 (TC201) on the standardization of surface chemical analysis in 1991. The scope of ISO TC201 is as follows: Surface chemical analysis includes analytical techniques in which beams of electrons, ions, neutral atoms or molecules, or photons are incident on the specimen material and scattered or emitted electrons, ions, neutral atoms or molecules, or photons are detected. It also includes techniques in which probes are scanned over the surface and surface-related signals are detected.
TC201 has published 38 ISO standards. They concern the vocabulary, instrument specifications, pretreatments of specimen, the procedures for analysis, apparatus alignments, measurement conditions, quantification and reporting formats. However, users may feel some difficulty in using these ISO standards correctly. So, the software named Common Data Processing System (COMPRO) has been developed to assist in using ISO standards.
1 COMPRO runs on Windows and can be downloaded from the home page of the Surface Analysis Society of Japan (http://www.sasj.jp). Among these standards, those which closely relate to the maintenance of an electron spectrometer need to be understood correctly by analysts. In this paper, the procedures for the calibration of energy and intensity scales of electron spectrometers are introduced by using COMPRO. ISO TC201 has published ISO 15472  2 for XPS, ISO 17973  3 for  medium-resolution AES, and ISO 17974 4 for high-resolution AES.
Calibration of Energy scales

2·1 X-ray photoelectron spectrometer
ISO 15472 specifies a method for calibrating the binding energy scales of X-ray photoelectron spectrometers for general analytical purposes, using unmonochromated Al or Mg X-rays or monochromated Al X-rays. ISO 15472 suggests that analysts measure Au 4f7/2, Ag 3d5/2 or Cu L3VV and Cu 2p3/2 peaks, and compare their measured values with reference values. Figure 1 shows a schematic illustration of parameters of energy calibration for monochromatic Al XPS. The ordinate is measured peak energies and the abscissa is reference peak energies. ISO 15472 instructs analysts to measure three kinds of peaks 7 times. They are low, medium, and high energy peaks. The energy scale calibration is defined by three parameters.
They are repeatability, linearity and offset. Repeatability is defined as the largest value of standard Since then, TC201 has published 38 ISO standards. They concern the vocabulary, instrument specifications, pretreatments of specimen, the procedures for analysis, apparatus alignments, measurement conditions, quantification and reporting formats. In this paper, ISO standards on the calibration of energy and intensity scales of electron spectrometers are briefly introduced. Common Data Processing System is the software for assisting in using ISO standards, and its functions for the calibration of energy and intensity scales are also introduced. Reviews deviations of measured Cu 2p3/2, Ag 3d5/2 and Au 4f7/2 peak energies. Offset is defined as the difference between the average value of measured peak energies and the reference peak energy. By drawing a straight line between the average value of measured peak energies of Cu 2p3/2 and Au 4f7/2, the interpolated value at Ag 3d5/2 can be obtained, as shown in Fig. 1 . The linearity is defined as the difference between the interpolated value and the average value of measured Ag 3d5/2 energies. The tolerance limit is chosen by each analyst to define the allowance limits of these calibration parameters. Usually the tolerance limit is between 0.1 to 0.2 eV.
To get the peak position, ISO 15472 states that an analyst should determine the mid-point of the chords drawn horizontally across the peak as an intensity of 84% of the peak height above zero counts, and at three or more other intensities approximately equally spaced in the range 84 to 100% of the peak intensity above zero. These mid-points are then projected to the value at the peak. COMPRO detects the peak position of Au 4f7/2, Ag 3d5/2 and Cu 2p3/2 spectra with ISO procedure as shown in Fig. 2 .
The peak data are automatically analyzed, and repeatability, linearity and offset of the spectrometer are obtained. Then COMPRO reports whether these values are within the tolerance limit or not.
2·2 auger electron spectrometer
ISO has published two standards on the calibration of energy scales for AES. One is for high-resolution spectrometers and the other is for medium resolution spectrometers. 2·2·1 high-resolution auger electron spectrometer ISO 17974 specifies a method for calibrating the kinetic energy scales of Auger electron spectrometers used for elemental and chemical state analysis at surfaces. The procedure in ISO 17974 is exactly the same as that of ISO 15472 except for the reference peaks. The reference peaks of ISO 17974 are Cu M2,3VV, Cu L3VV, and Al KL2,3L2,3 or Au M5N6,7N6,7. 2·2·2 Medium-resolution auger electron spectrometer ISO 17973 specifies a method for calibrating the kinetic energy scales of Auger electron spectrometers with an uncertainty of 3 eV, for general analytical use in identifying elements at surfaces. ISO 17973 instructs analysts to measure the same three peaks as those of ISO 17974, and to calculate three offset values. If one of the offset values is larger than 2 eV, the instrument shall be calibrated or an energy correction shall be applied.
Cu M2,3VV is a doublet peak. In this case, a tangent is drawn to the two peaks in the doublet to enable the kinetic energy mid-way between the points of contact to be determined. COMPRO automatically detects the peak positions as shown in Fig. 3 , and the calibration results are shown on the screen of COMPRO.
Calibration of intensity scales
Non-linearities in the respective instrument intensity scales, unless corrected, lead directly to errors in the amounts of material determined. In general, intensity scales are linear at very low count rates but become progressively non-linear as the count rates rise. To obtain correct quantitative results, one must measure spectra intensities correctly. To that end, the following three parameters are important: The first one is linearity. Spectrum intensity must be proportional to the number of electrons entering into spectrometer. The second one is repeatability. The same spectra intensities must be obtained from the same sample. The last one is constancy. Measured intensities do not change over time.
ISO publishes ISO 21270 5 for the linearity, ISO 24236 6 for the repeatability and the constancy of AES and ISO 24237 7 for the repeatability and the constancy of XPS. 
3·1 Linearity
ISO 21270 specifies two methods for determining the maximum count rate for an acceptable limit of divergence from the linearity scale of Auger and X-ray photoelectron spectrometers. ISO 21270 gives two methods for checking the linearity of intensity scale. The first one is "method of varying the source flux using Cu". The second one is "spectrum ratio method using Cu, stainless-steel or sample holder". The second one is a supplemental method for the first one. So, in this paper, only the first method is introduced.
Analysts measure more than 30 values of count rate (Ni (c/s)) at the peak energy of Cu L3VV for more than 30 values of the beam current or anode emission current (Ii), and calculate the ratios between count rates and source fluxes. Here the source flux means the strength of the X-ray source or electron beam. Figure 4 shows 30 Cu L3VV spectra from various source fluxes. COMPRO calculates the ratios between count rates and source fluxes and displays them as shown in Fig. 5 . The ordinate is ratio and the abscissa is source flux. When the data points are extrapolated to zero counts, the ratio (k) is obtained, which gives the ideal ratio without miscounting. The horizontal line at the value of k is the ideal line without miscounting, and an analyst can set the divergence limit from linearity for an acceptable limit of linearity. In Fig. 5 , the divergence limit is set for 2.5%, and the point where measured data and the divergence limit cross gives the maximum count rate of acceptable limit of linearity. In this case, the maximum count rate is 1.22 × 10 6 counts/s. Extrapolated data points are expressed as follows:
Here, tn is the dead time of analyzer. Figure 5 shows the dead time is 20.2 ns. If the dead time of an analyzer is obtained, count rates can be corrected, and the maximum count rate for linearity can be expanded.
3·2 repeatability and constancy
There are two standards for the repeatability and the constancy. One is for AES and the other is for XPS. ISO 24236 specifies a method for evaluating the repeatability and the constancy of intensity scale of AES for general analytical purposes. ISO 24237 is for the repeatability and the constancy of intensity scale of XPS. In this report, ISO 24237 is introduced, because ISO 24236 (for AES) is the same as ISO 24237 (for XPS) except for reference peaks.
3·2·1 repeatability
Analysts measure the spectra of Cu 2p3/2 and Cu 3p (for AES, they are Cu M2,3VV and Cu L3VV) 7 times. Between measurements, the sample must be replaced. Then peak areas of Cu 2p3/2 (A1) and Cu 3p (A2) are calculated by subtracting the Shirley background, and the relative standard deviations of peak areas are obtained. Also the ratio between A2 and A1 and its relative standard deviation is calculated. If none of these relative standard deviations exceeds a value of 3%, the instrument is calibrated.
3·2·2 Constancy
Spectra of Cu 2p3/2 and Cu 3p shall be measured every three months (Constancy for AES is checked every two months). Then peak areas of Cu 2p3/2 (A1) and Cu 3p (A2) are calculated by subtracting the Shirley background. Constancy is checked by A2/A1. Typical tolerance drift limit of this value may be in the range of 2 to 6%.
COMPRO measures Cu 2p3/2 and Cu 3p peak areas, and obtains calibration parameters. The constancy is recorded as the control chart as shown in Fig. 6 . The ordinate of Fig. 6 is A2/A1, and abscissa is calibration date. The uncertainty of each data point is indicated by a vertical bar. The tolerance drift limit is set for 4% of constancy. The solid horizontal line is the tolerance drift limit, and the warning limit is indicated by the dashed line, which is 70% of the tolerance drift limit. The control chart with tolerance drift limit set for 4% drift, to monitor the constancy of the instrumental intensity. The solid horizontal line is the tolerance limit of drift, and the dotted line is a warning limit.
Common Data Format
When one uses COMPRO, the file data format must be compliant with ISO standards. ISO published ISO 14976. 8 This International Standard specifies a format to transfer data from computer to computer. The transfer data are encoded only in those characters that appear on a normal display or printer. The format is suitable for AES, EDX, FABMS, ISS, SIMS, SNMS, UPS, XPS, XRF and similar analytical methods.
ISO 14976 is not a complete format that includes information of samples or calibration processes. Therefore, ISO published ISO 14975. 9 This International Standard specifies a format to supplement ISO 14976 to transfer data for the creation, expansion and revision of surface chemical analysis spectral database. The format is applied to AES and XPS spectral data. Figure 7 shows the rough structure of ISO 14976 and 14975. ISO 14976 is divided into the header region and block regions. The header region contains common information on the experiment. They are the name of institute, the name of instrument, the name of operator, comment lines, and etc. The block region contains analytical conditions such as techniques, transitions, comment lines or the number of data points, and data. The format can have multiple blocks. ISO 14975 is mainly divided into the specimen region and the calibration region. The specimen region has the information of host material names, purity of in situ preparation, and comment lines. In the calibration region, energy and intensity scale calibration procedures can be written, and the resolution of the spectra can be included. ISO 14975 can be inserted into ISO 14976 by using comment lines of ISO14976. So ISO 14975 and ISO 14976 can be a set.
Nowadays, many instrument manufacturers provide the converters from their original file formats to ISO 14976 format. But when these converters are not available, COMPRO can convert a text data file to ISO 14976 and ISO 14975 formats.
Conclusions
The standardization process is the best way to get the reliable analytical results. Therefore, the calibration of instruments must be compliant with the standard manner. Since the establishment of ISO TC201 in 1991, ISO TC201 has published 38 standards. However, users may feel difficulty in using these ISO standards correctly. So, the software named Common Data Processing System (COMPRO) has been developed to assist in using ISO standards. The calibration of energy and intensity scales of electron spectrometer can be easily carried out with COMPRO.
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